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ModelingAbstract Energy and exergy analyses of thin-layer drying of sour pomegranate arils with micro-
wave treatment were conducted in this research. Three levels of air temperature (50, 60 and
70 C) and air velocity (0.5, 1 and 1.5 m/s) were tested for evaluation of dryer parameters. Energy
utilization and energy utilization ratio increased with time, while exergy efﬁciency decreased with
time. Application of microwave pretreatment to assist convective drying resulted in decreased
energy utilization and drying time. Minimum exergy loss and exergy efﬁciency were also obtained
using microwave pretreatment. Artiﬁcial neural networks (ANN) performed desirably in modeling
energy and exergy criteria regarding input factors. Results showed that the training algorithm of
back-propagation was suitable for predicting the drying parameters. It was also found that response
surface methodology (RSM) predicted desirably the output parameters. Coefﬁcient of determina-
tion (R2) values for regression of drying energy and exergy criteria based on input factors were
obtained to be highly acceptable for both ANN and RSM models.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Drying is known as the best method to preserve fruits and veg-
etables. Water removal during drying prevents microorganism
evolution and harmful chemical reactions leading to longer
storage time (Barbosa-Canovas and Vega-Mercado, 1996).
Mathematical models of thin-layer drying provide little infor-
mation on the dryer energy analysis. As a consequence, they
would not be useful for design and optimization purposes.
Thermodynamic analysis, particularly exergy analysis, plays
Nomenclature
EU energy utilization (kJ/s)
mai inlet air ﬂow (kg/s)
hai inlet air enthalpy (kJ)
mao outlet air ﬂow (kg/s)
hao outlet air enthalpy (kJ/kg)
pa air density (kg/m
3)
Va inlet air velocity (m/s)
Adc dryer area section (m
2)
o predicted output value
t target value
Ta inlet or outlet air temperature (C)
T1 temperature of medium (C)
EUR energy utilization ratio
h1 enthalpy of the medium air (kJ/kg)
Ex exergy of air or inlet/outlet product (kJ/s)
m mass ﬂow of inlet/outlet air (kg/s)
C speciﬁc heat of inlet/outlet air (kJ/kgC)
El exergy loss
Exeff exergy efﬁciency
p number of patterns
82 A.M. Nikbakht et al.an important role for system design, analysis and thermal sys-
tem optimization. Exergy analysis evaluates the accessible en-
ergy within several points and presents advantageous
information for a favorable design methodology and part
selection in a dryer. Exergy is deﬁned as the maximum work
produced by heat and vapor at the equilibrium state (Dincer,
2000, 2002). Energy and exergy analyses reported on drying
fruits and vegetables by Akpinar et al. (2004), Midilli and Ku-
cuk (2003b), Ceylan et al. (2007) and (Corzo et al., 2008).
Modeling and optimization to increase the efﬁciency of the
process is one of the most important stages in a thermal pro-
cess. The relationship between interfering factors and ﬁnal out-
puts is of great value for researchers and technicians. However,
many numerical methods have major drawbacks in ﬁnding
constants and solving the complexities of non-linear behaviors
(Collins, 2003). Due to these disadvantages, researchers have
looked for alternative methods. One of the most popular ap-
proaches used in the last two decades is response surface meth-
odology (RSM). RSM is a combination of mathematical and
statistical techniques that is useful for analyzing, developing,
improving, and optimizing processes in which a response of
interest is inﬂuenced by several variables and the objective is
to optimize this response without the need for a predetermined
relationship between the objective function and the variables
(Myers and Montgomery, 2002; Draper and Lin, 1990; Draper
and John, 1988). RSM is mainly used for optimization of med-
ia component, reaction parameter or for scaling up the condi-
tion. Prediction of model equation, which describes the effects
of independent variables, is one of the steps of RSM optimiza-
tion procedures (Anjum et al., 1997; Myers and Montgomery,
2002). Although RSM has many advantages, it would be
unwarranted to say that it is applicable to all optimization
and modeling studies.
Awell trained network learns from the pre-seen experimental
dataset (training data) and generalizes this learning beyond to
the unseen data which is called ‘prediction’ (Haykin, 1994).
Furthermore, artiﬁcial neural networks (ANNs) are able to
model non-linear behaviors and complex processes. This is
highly important considering the drying applications in which
the nature is seriously non-linear and simple modeling methods
fail (Haaland,1989). Although ANN methods are frequently
reported on drying fruits and vegetables (Momenzadeh et al.,
2011; Herna´ndez, 2009; Aghbashlo et al., 2008;Movagharnejad
and Nikzad, 2007), few researches are dedicated to exergy
analysis and energy considerations.The objective of this paper is to develop ANN and RSM
models for mapping input factors including temperature, air
velocity, microwave pretreatment and time with the output
energy performance of the thin-layer dryer for pomegranate
arils. An optimized combination of factors in order to yield
maximum efﬁciency out of dryer will also be achieved using
RSM.2. Materials and methods
2.1. Energy analysis
Fresh samples of sour pomegranates collected from Jooybar
in Mazandaran province of Iran were stored at 5 C in a
refrigerator. Moisture content of pomegranate arils was
determined gravimetrically to be 331% (dry basis) (Doymaz
2005). The experiments were carried out at three tempera-
ture levels of 50, 60, and 70 C and three levels of hot air
velocity, 0.5, 1, and 1.5 m/s. Three treatments including con-
trol treatment (convective drying only), microwave pretreat-
ment (100 W power) for 20 min, and microwave
pretreatment (200 W power) for 10 min were implemented.
Air temperature and velocity were measured using an elec-
tric thermometer (Lutron, TM-925, Taiwan) and anemome-
ter (Lutron-YK, 80 AM, Taiwan), respectively. Air
pressure was measured by a pressure gage (PVR 0606A81,
Italy). While moisture meter (Testo 650, 05366501, German)
was applied to measure the moisture content of samples dur-
ing the experiment. Microwave pretreatment of pomegranate
arils was achieved using a microwave apparatus (SAM-
SUNG, 75DK300036V, model: M945, Korea). Experimental
set up is illustrated in Fig 1.
2.2. Energy analysis
Heater energy utilization can be calculated using the con-
servation energy law of thermodynamics (Corzo et al.,
2008):
EU ¼ mdaðhdai  hdaoÞ ð1Þ
in which EU is energy utilization (kJ/s); mda, mass ﬂow dry air
(kg/s); hdai, inlet dry air enthalpy and hdao, outlet dry air en-
thalpy (kJ/kg).
Figure 1 Experimental set up.
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The whole inlet air passes through the dryer section, thus the
outlet air ﬂow is equal to inlet ﬂowdue tomass conservation law:
_mai ¼ _mao ð2Þ2.4. Inlet and outlet air enthalpy
Values of the inlet and outlet air enthalpy are equal to the sum
of dry air enthalpy and water vapor enthalpy. Eq. (3) is
frequently used by researchers to determine air enthalpy (Cor-
zo et al., 2008; Akpinar, 2004):
hda ¼ CpdaðT T1Þ þ hfgw ð3Þ
in which hda, is the inlet or outlet dry air enthalpy (kJ/kg);
Cpda, speciﬁc heat of inlet or outlet dry air (kJ/kg C); T, inlet
or outlet air temperature (C); T1, the ambient temperature
(C); hfg, the latent heat of vaporization of water (kJ/kg) and
w the humidity ratio of air (kg water/kg dry air).
2.5. Calculation of air speciﬁc heat
Air speciﬁc heat is calculated from Eq. (4). The constant 1.004
is the speciﬁc heat of dry air (Aghabashlo et al., 2009).
Cpda ¼ 1:004þ 1:88w ð4Þ2.6. Converting the relative humidity to moisture ratio
Relative humidity was converted into moisture ratio using Eq.
(5) (Aghabashlo et al., 2009; Corzo et al., 2008; Akpinar et al.,
2006):
w ¼ 0:622 uPvs
P uPvs ð5Þ
in which w, is Relative humidity; p air pressure (kpa) and Pvs,
saturated vapor pressure (kPa). This conversion is also possi-
ble using psychometric charts.
2.7. Calculation of energy utilization ratio
The ratio of energy utilization to the provided energy in the
dryer chamber is deﬁned as the energy utilization ratio, and
is calculated using Eq. (6) (Corzo et al., 2008).
EUR ¼ mdaðhdai  hdaoÞ
mdaðhdai  hda1Þ ð6Þ
in which hda1 is the enthalpy of ambient dry air (kJ/kg).
2.8. Exergy analysis
Summation of inlet and outlet air exergy for fresh and dried
product is calculated using the second law of thermodynamics.
The basic method for exergy analysis of dryer chamber is cal-
Figure 2 Conﬁguration of multilayer neural network for pre-
dicting dryer parameters.
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used (Corzo et al., 2008; Akpinar, 2004).
Ex ¼ _mdaCpda ðT T1Þ  T1 ln
T
T1
  
ð7Þ
in which,Ex is the exergy of air (kJ/s),m, mass ﬂow of inlet/out-
let air (kg/s),C, the speciﬁc heat of inlet/outlet air (kJ/kg C), T,
the temperature of inlet/outlet air (C), andT1, the temperature
ambient (C). Exergy loss is determined by Eq. (8):
Exloss ¼ Exinflow  Exoutflow ð8Þ
The exergy efﬁciency can be calculated using Eq. (9) (Agha-
bashlo et al., 2009).
Exeff ¼
P
Exi 
P
ExlP
Exi
¼
P
ExoP
Exi
ð9Þ
in which, El is the exergy loss and Exeff, exergy efﬁciency. Exeff
is 100% when no more moisture is extracted, and decreases as
drying begins.
2.9. Neural network design
A learning algorithm is deﬁned as a procedure that consists of
adjusting the weights and biases of a network to minimize an
error function between the network outputs for a given set
of inputs and the correct outputs. Various learning algorithms
have been used by researchers from which back-propagation
algorithm is known as the most popular one. Gradient descent
and gradient descent with momentum are often too slow for
practical problems because they require slow learning rates
for stable learning. In addition, success in the algorithms de-
pends on the user-dependent parameters. Faster algorithms
such as conjugate gradient, quasi-Newton and Levenberg–
Marquardt (LM) beneﬁt from standard numerical optimiza-
tion techniques. These algorithms eliminate some of the disad-
vantages mentioned above. ANN with back-propagation
algorithm learns by changing the weights, these changes are
stored as knowledge. LM method is in fact an approximation
of the Newton’s method (Hertz et al., 1991). The algorithm
uses the second-order derivatives of the cost function so that
a better convergence behavior can be obtained. In the ordinary
gradient descent search, only the ﬁrst order derivatives are
evaluated and the parameter change information contains so-
lely the direction along which the cost is minimized, whereas
the Levenberg–Marquardt technique extracts a better parame-
ter change vector. The error during learning is called as root-
mean squared (RMS) and deﬁned as follows:RMS ¼ ð1=pÞ
X
j
jtj  ojj2
 !1=2
ð7Þ
To achieve the best prediction by the network, several architec-
tures were evaluated and trained using the experimental data.
The back-propagation algorithm was utilized in training of all
ANNmodels. This algorithm uses the supervised training tech-
nique where the network weights and biases are initialized ran-
domly at the beginning of the training phase. The error
minimization process is achieved using gradient descent rule.
As depicted in Fig. 2, the network was structured by four input
and four output neurons. Input layer corresponded to temper-
ature (C), time (minutes), air velocity (m/s) and microwavepower pretreatment (Fig. 2). Output parameters were selected
as the output criteria for energy analysis of the dryer.
The number of hidden layers and neurons within each layer
should be designed based on the complexity of the problem.
One hidden layer was chosen in this study. To ensure that each
input variable provides an equal contribution in the ANN, the
inputs of the model were preprocessed and scaled into a com-
mon numeric range [1, 1]. The activation function for the
hidden layer was selected to be sigmoid function. Linear func-
tion suited best for the output layer. Data were post-processed
to the original format to provide a comparison between the
modeled and real outputs. Finally, a regression analysis be-
tween the network response and the corresponding targets
was performed to investigate the network response in more
detail. Different training algorithms were also tested and ﬁnal-
ly Scaled Conjugate Gradient was selected. MATLAB 7.4 was
used for model generation (Demuth and Beale, 2002).
Design Expert 8.02 (State Ease Inc.) was used for develop-
ing the RSM models. Experimental data were ﬁtted to a sec-
ond-order polynomial model and regression coefﬁcients were
obtained. The generalized second-order polynomial model
used in the response surface analysis was as follows:
Y ¼ b0 þ
Xk
i¼1
biXi þ
Xk
i¼1
biiX
2
i þ
Xk1
i¼1
i<j
Xk
j¼2
bjiXiXj ð8Þ
where b0, bi, bii and bij are the regression coefﬁcients for inter-
cept, linear, quadratic and interaction terms, respectively, and
Xi, and Xj are the independent variables.3. Results and discussion
3.1. Energy analysis
Fig. 3 demonstrates energy utilization (EU) for drying of
pomegranate arils in the control treatment, microwave pre-
treatment (100 W power) for 20 min and microwave pretreat-
ment (200 W power) for 10 min. As shown in this ﬁgure,
energy utilization decreases with time having its maximum va-
lue at the beginning of drying process which resembles the re-
sults obtained by previous reports (Akpinar et al., 2004, 2005;
Akpinar, 2004; Ceylan et al., 2007). It is because moisture
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Figure 3 Effect of air temperature and velocity on energy
utilization (A) control treatment (B) 100 W pretreatment (C)
200 W pretreatment.
Table 1 Minimum and maximum values obtained for energy utiliza
air velocity levels.
Treatment
Energy utilization (kJ/s)
Control Min 0.0101879
Max 0.269205
100M1 Min 0.071507
Max 0.269001
200M2 Min 0.048384
Max 0.160934
,Energy utilization ratio
Control Min 0.0011226
Max 0.005859
100M 1 Min 0.000685
Max 0.004653
200M 2 Min 0.000662
Max 0.002835
1 100M: 100 W microwave.
2 200M: 200 W microwave.
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in the terminal stages. Energy utilization in microwave pre-
treatment (100 and 200 W power) decreased in comparison
with the control treatment.
Increasing temperature and inlet air velocity raised energy
utilization and inlet air enthalpy. Enthalpy increase, in turn,
increased mass and heat transfer.
Comparing the energy levels of the three treatments proved
that energy utilization and drying time decrease signiﬁcantly
using the 200 W microwave pretreatment. Energy utilization
depends on inlet air velocity, latent heat of water vapor, spe-
ciﬁc heat of air and outlet of air temperature. The values of
these factors excluding outlet air temperature fall close to each
other in the three treatments. However, since the warming
action in the 200 W microwave pretreatment is more than that
in the 100 W pretreatments, the temperature of samples would
be higher when transferred to the dryer. Subsequently, the out-
let temperature of the dryer would be higher and closer to inlet
temperature. As a result, the energy utilization would be low.
The maximum and minimum values for EU and EUR are de-
tailed in Table 1.
Fig. 4 presents the trend for calculated energy utilization ra-
tio (EUR) plotted against the drying time in three treatments
at various different air temperatures and velocities. It is seen
that EUR at ﬁrst decreases rapidly with time and then levels
off in accordance with Eq. (1). The results resemble those ob-
tained for the results of drying of pumpkin slices in a silicon
dryer (Akpinar et al., 2005).
Comparing the values of EUR for the three experimental
treatments showed that EUR was maximum using the control
treatment and minimum for 200 W microwave treatment
which can be explained by Eqs. (1 and 3). As observed, the
changes of EUR are directly related to EU alterations and as
a consequence, the maximum and minimum points for both
would be the same.
3.2. Exergy analysis
Exergy loss in three treatments including control treatment
and microwave pretreatment (100 and 200 W) for the pome-tion and energy utilization ratio at the indicated temperature and
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Figure 4 Effect of air temperature and velocity on energy
utilization ratio (A) control treatment (B) 100 W pretreatment (C)
200 W pretreatment.
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Figure 5 Exergy loss variation with time for the (A) control
treatment (B) 100 W pretreatment (C) 200 W pretreatment.
86 A.M. Nikbakht et al.granate arils is demonstrated in Fig. 5. The ﬁgure shows that a
negligible part of the provided energy in the dryer is wasted,
thus an energy outlet is available. This indicates that the exergy
loss is high at higher temperatures and air velocities. These
observations are in agreement with previous studies (Akpinar
et al., 2004, 2005, 2006; Midilli and Kucuk, 2003b).
Comparison of the exergy loss values for the three different
treatments shows that its maximum and minimum values are
obtained using control and 200 W microwave treatments,
respectively. Exergy loss is basically calculated by subtracting
the outlet exergy from the inlet exergy. Moreover, exergy loss
is a function of inlet and outlet air velocity and medium tem-
perature. All the parameters except the outlet air temperature
are close to each other in the three treatments (as stated for
calculation of EU). Outlet temperature increases using 200 W
microwave, resulting in a small difference between outlet and
inlet exergy. Therefore, exergy loss would be low using200 W microwave. The maximum and minimum values ob-
tained for exergy loss and exergy efﬁciency are given in Table 2.
The temperature and air velocity combinations for maximizing
or minimizing the parameters are also shown.
Fig. 6 shows the effect of inlet air velocity on exergy efﬁ-
ciency at various temperatures during thin-layer drying of con-
trol and microwave pretreatment (100 and 200 W) samples.
These ﬁgures refer to outlet exergy as the main factor of low
thermodynamic efﬁciency of dryers. They also indicate that a
major part of the provided exergy is wasted as outlet air exer-
gy. Another reason of low exergy efﬁciency is the heat loss
from the dryer body. These observations had a good compli-
ance with the similar researches (Akpinar et al., 2004, 2005,
2006; Ceylan et al., 2007; Midilli and Kucuk, 2003b).
Using RSM, the best conﬁguration of temperature and air
velocity levels for yielding maximum exergy efﬁciency, EU,
EUR and minimum exergy loss was determined. Fig. 7 pre-
sents a sample 3D curve for exergy efﬁciency based on temper-
ature and air velocity.
It can easily be seen, that exergy efﬁciency deceases with
temperature and air velocity. This was already discussed in
previous sections. The interaction of drying treatment and
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Figure 6 Effect of temperature and air ﬂow on exergy efﬁciency (A)
control treatment (B) 100 W pretreatment (C) 200 W pretreatment.
Figure 7 Response surface curve of exergy efﬁciency showing
the interaction between temperature and air velocity.
Table 2 Minimum and maximum values obtained for exergy loss and exergy efﬁciency at various temperatures and air velocity levels.
Treatment Temperature (C) Air velocity (m/s)
Exergy loss (kJ/s)
Control Min 0.043944 50 0.5
Max 0.157372 70 1.5
100M1 Min 0.033653 50 0.5
Max 0.10908 70 1.5
200M2 Min 0.023526 50 0.5
Max 0.102665 70 1.5
Exergy eﬃciency (kJ/s)
Control Min 0.442589 50 0.5
Max 0.77620 70 1.5
100M1 Min 0.62541 50 0.5
Max 0.81751 70 1.5
200M2 Min 0.73680 50 0.5
Max 0.83365 70 1.5
1 100M: 100 W microwave.
2 200M: 200 W microwave.
Energy and exergy investigation of microwave assisted thin-layer drying of pomegranate arils using artiﬁcial 87air temperature is illustrated in Fig. 8 Treatment axis varies
from 1 to 3. Control treatment is designated as 1, 100 WFigure 8 Response surface curve of exergy efﬁciency showing
interaction between temperature and treatment.
Table 3 Optimized conﬁguration of input factors for effectively performed drying of pomegranate arils.
Factors Time Temperature Air velocity Treatment
Optimized point 42.26 50.00 1.50 1.62
Parameters Energy utilization Energy utilization ratio Exergy eﬃciency Exergy loss
Resulted values 0.144289 0.0036035 0.736489 0.0698758
88 A.M. Nikbakht et al.microwave pretreatment as 2 and 200 W microwave pretreat-
ment as 3. The positive effect of using pretreatments and high-
er microwave powers on exergy efﬁciency is quite visibly
depicted in this ﬁgure.
The response surfaces obtained are convex in shape sug-
gesting that well-deﬁned optimum operating conditions exist.
Similar plots were obtained for other parameters and factors
which are omitted in the interest of brevity. However, the opti-
mized point for obtaining the best output parameters is de-
tailed in Table 3. It must be mentioned that treatment
indicated as 1.62 is the result of RSM interpolation of the data.Figure 9 Performance analysis for training of the designed
network.
Figure 10 Trained data correlated with the target values to
present the training performance.Clearly such a level was not actually tested. But it indicates
that the pretreatment had a positive effect on the drying of
pomegranate arils.3.3. Artiﬁcial neural networks
From the numerous topologies and designs evaluated, a net-
work with one hidden layer and 10 neurons proved to be an
optimum ANN. In this model, 80% of the data set was ran-
domly assigned as the training set, while the remaining 20%
of data are put aside for prediction. Consequently, the network
with 10 neurons in the hidden layer would be considered satis-
factory. The performance of the network in training is shown
in Fig. 9. Mean square error (MSE) was selected as a perfor-
mance criterion.
To have a more precise investigation into the model, a
regression analysis of outputs and desired targets was per-
formed which is a measure for checking the success of the
training. The designed network performed well as the correla-
tion of trained data to the desired ones with the coefﬁcient of
determination (R2) of higher than 0.98 (Fig. 10).
Similar curves were obtained for predicted values. There
is a high correlation between the predicted values extracted
by the ANN model and the measured values resulting from
experimental tests. Coefﬁcient of determination (R2) of 0.95
and 0.96 was obtained for predicting EU and EUR values
(Fig. 11).
Acceptable R2 values were also obtained for predicting
exergy parameters using the neural network model. As shown
in Fig. 12, the developed neural network yielded highly precise
responses in the analysis of untrained dataset. Exergy loss and
exergy efﬁciency values as important factors for the evaluation
of the dryer were predicted with R2 of 0.96 and 0.97, respec-
tively. This is expected from the ANN models as they are capa-
ble of modeling the non-linear behavior of drying phenomena.
Generally, artiﬁcial neural networks offer the advantage of
being fast, accurate and reliable in predicting results, especially
when numerical and mathematical methods fail. There is also a
signiﬁcant simplicity in using ANN due to its power to deal
with multivariate and complicated problems (Kalogirou,
2000).3.4. Response surface methodology (RSM)
Using the model equation, it is possible to estimate the re-
sponse at different levels of variables. The actual values of
the independent variables and their responses were used for
the prediction of model equations. Experimental data were ﬁt-
ted to the full quadratic equation and the design matrix and ﬁt-
ness of each term was analyzed by means of ANOVA. The
resulting model for estimating EU as a function of temperature
(Te), time (Ti), air velocity (S) and treatment (Tr) is detailed in
Figure 11 Measured vs. predicted curves for prediction of energy parameters using the designed network.
Figure 12 Measured vs. predicted curves for prediction of exergy parameters using the designed network.
Table 4 Parameters for the evaluation of the quadratic model ﬁtted to the drying data.
Response F-value P-value Adequate precision Prediction R2
Energy utilization 144.98 <0.0001 55.692 0.9161
Energy utilization ratio 200.72 <0.0001 72.823 0.9384
Exergy loss 183.04 <0.0001 63.686 0.9315
Exergy eﬃciency 327.92 <0.0001 83.091 0.9616
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response in the investigated range of independent variables.
EU ¼ 0:23525þ 6:83926 105  Ti 7:10582 103
 Teþ 0:19442 S 0:033610 Tr 2:21995
 105  Ti Te 6:43043 104  Ti S
þ 1:92641 104  Ti Tr 5:47698 104
 Te Sþ 2:66935 105  Te Tr 0:014956
 S Trþ 4:69374 106  Ti2 þ 7:96628 105
 Te2 0:014885 S2  5:31238 10 5 Tr2 ð9ÞQuadratic equation yielded a signiﬁcant response considering
F-value and sequential P-values as shown in Table 4. F-values
obtained by quadratic model for all the responses show clearly
that the model was signiﬁcant. P-values less than 0.05 indicate
that model terms are signiﬁcant as well. Although not shown
in detail, most of the terms for our model were signiﬁcant
implying that model reduction would be unnecessary (Myers
and Montgomery, 2002). Adequate precision compares the
range of the predicted values at the design points to the aver-
age prediction error. Ratios greater than four indicate ade-
quate model discrimination. In this particular case the value
was well above four (Noordin et al., 2004; Anderson and Whit-
comb, 2005).
Figure 13 Measured vs. predicted values for energy utilization
obtained by the response surface method.
Figure 14 Measured vs. predicted values for energy utilization
ratio obtained by the response surface method.
Figure 15 Measured vs. predicted values for exergy efﬁciency
obtained by the response surface method.
Figure 16 Measured vs. predicted values for exergy loss
obtained by the response surface method.
90 A.M. Nikbakht et al.Figs. 13–16 show the coefﬁcients of determination (a mea-
sure of how well the regression model can be made to ﬁt the
raw data). Using these ﬁgures it is inferred that RSM has been
efﬁcient enough to provide reasonable regression models for
the dataset.
It can clearly be seen that a quadratic function model is reli-
able in prediction of drying parameters based on the input fac-
tors of the experimental data. However, this cannot be
generalized to other experiments since the exact nature of the
drying phenomenon is unknown and the model gives a simple
estimation of the problem. On the other hand, artiﬁcial neural
network served as a black-box model which resulted in desir-
able outputs in this paper. No matter how complex the prob-
lem is, ANN ﬁnds an appropriate response and converges at
the lowest error. The ability of ANN to learn the process char-
acteristics with minor prior knowledge is explicitly proved.
Nevertheless, ANNs are subject to over-ﬁtting or memoriza-
tion instead of generalization. This may be the major draw-back of ANN models. Regarding the results obtained in this
research and the overall properties of ANN and RSM, ANN
maybe preferred as the non-linear and sophisticated identity
of drying and biological materials. However, the optimization
capability of the RSM should not be ignored.
4. Conclusions
Energy and exergy analyses of thin layer drying of sour pome-
granate arils were conducted in this study. Results showed that
in all treatments energy utilization decreased as the drying time
elapsed. It had a maximum value in the control treatment and
a minimum in the 200 W microwave treatments. Energy utili-
zation ratio took a decreasing trend with increasing time in
all treatments. Control samples used the maximum energy
Energy and exergy investigation of microwave assisted thin-layer drying of pomegranate arils using artiﬁcial 91while 200 W microwave pretreated samples needed the mini-
mum energy. Exergy loss increased with time, i.e. all the inlet
energy was removed from the system. The maximum and min-
imum exergy losses were observed in the control and 200 W
microwave treatments, respectively. Exergy efﬁciency in-
creased with time. The results of energy and exergy analyses
indicated that thermodynamically the system was of low efﬁ-
ciency. This can be regarded as a drawback for such a dryer
which is frequently used in drying projects. However, using
microwave pretreatment improved the thermodynamic efﬁ-
ciency. Taking into consideration the results from modeling
analyses, it can be concluded that ANN and RSM models
demonstrated reasonable performance in predicting dryer
parameters regarded as energy and exergy criteria. Coefﬁcient
of determination (R2) values obtained were acceptable for both
models. The ability of ANN in predicting unknown data with
little prior knowledge of the nature of the problem was empha-
sized. Generally, the dryer performance was modeled and the
optimized conﬁguration of interfering factors was found corre-
sponding to the modiﬁed criteria.
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